Esophageal cancer (EC) is the eighth most common cancer worldwide, with 482,000 new cases estimated in 2008, and the sixth most common cause of death from cancer with 407,000 deaths.\[[@ref1]\] The estimated overall age-adjusted incidence rate (standardized for world population) in 2008 was 5.7/100,000.\[[@ref1]\] According to the Chinese national annual cancer registration reports, the incidence rate of EC was 20.9/100,000 in 2008.\[[@ref2]\] In China, the crude mortality rate of EC in 2005 was 15.2/100,000, which represented 11.2% of all cancer deaths and ranked as the fourth most common cause of cancer death.\[[@ref3]\] Thus, although the age-standardized mortality of EC decreased by 41.6% from 1973 to 2005, China still suffers a great disease burden from EC.\[[@ref3]\] Although advancements have occurred in the multidisciplinary treatment, surgical resection remains the modality of choice. The 5-year overall survival after surgery is poor, the reason for that is the relatively late stage of diagnosis and rapid clinical progression.\[[@ref4][@ref5]\] Therefore, assessing the prognostic factors in EC patients will become more and more important.

Over the past few decades, a number of prognostic factors for EC have been identified, including lymph node status, depth of invasion, TNM stage, and other miscellaneous factors.\[[@ref6][@ref7]\] The Glasgow prognostic score (GPS) combines C-reactive protein (CRP) and albumin into a risk stratification score for prognosis of clinical outcome in cancer patients. Recent studies have revealed that GPS is inversely related to prognosis in a variety of cancers, such as colorectal cancer,\[[@ref8][@ref9]\] gastric cancer,\[[@ref10]\] pancreatic cancer,\[[@ref11]\] lung cancer,\[[@ref12]\] and prostate cancer.\[[@ref13]\] However, few studies regarding GPS in EC are available.\[[@ref14][@ref15]\] Furthermore, esophageal squamous cell carcinoma (ESCC) is the most common pathological type in China, in contrast to the predominance of adenocarcinoma in the Western world. Thus, the aim of this study was to determine whether the GPS is useful for predicting postoperative survival of patients after esophagectomy for ESCC.

PATIENTS AND METHODS {#sec1-1}
====================

Patients {#sec2-1}
--------

A total of 1048 patients who underwent esophagectomy for EC at the Department of Thoracic Surgery, Zhejiang Cancer Hospital (Hangzhou, China), from January 2005 to December 2008 were eligible for this study. The inclusion criteria were as follows: (1) ESCC confirmed by histopathology; (2) surgery with curative esophagectomy; (3) at least six nodes were examined for pathological diagnosis; (4) surgery was neither preceded nor followed by chemotherapy and/or radiotherapy; and (5) preoperative serum CRP and albumin were obtained before esophagectomy within 1 week. The exclusion criteria were as follows: (1) non-ESCC or gastroesophageal junction carcinoma; (2) previous or concomitant other cancer; (3) previous or concomitant esophagectomy for benign disease; (4) incomplete resection with microscopic or macroscopic residual tumors; (5) previous chemotherapy and/or radiotherapy; (6) previous anti-inflammatory medicines within 1 week; or (7) distant metastatic disease. All subjects gave written informed consent to the study protocol, which was approved by the Ethical Committees of Zhejiang Cancer Hospital (Hangzhou, China).

Surgery {#sec2-2}
-------

The standard surgical approach consisted of a limited thoracotomy on the right side and intrathoracic gastric reconstruction (Ivor Lewis) for lesions at the middle/lower third of the esophagus. Upper third lesions were treated by cervical anastomosis (McKeown). In our institute, the majority of patients underwent two-field lymphadenectomy. In this cohort of patients, thoracoabdominal lymphadenectomy was performed, including the subcarinal, paraesophageal, pulmonary ligament, diaphragmatic and paracardial lymph nodes, as well as those located along the lesser gastric curvature, the origin of the left gastric artery, the celiac trunk, the common hepatic artery, and the splenic artery. Three-field lymphadenectomy was performed only if the cervical lymph nodes were thought to be abnormal upon preoperative evaluation.

Pathological analysis {#sec2-3}
---------------------

The diagnosis of ESCC was confirmed by histopathology. The fresh specimen was routinely dissected and measured by surgeons immediately after resection of the tumor. The length of each tumor was measured with a handheld ruler and was recorded in the operation notes. Then the specimens were sent for histopathology examination after preservation in 10% formalin. The differentiation, vessel involvement, perineural invasion, depth of invasion, and nodal metastasis were recorded according to the results of pathologic reports. All patients were staged according to the seventh edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual.\[[@ref16]\]

Follow-up {#sec2-4}
---------

In our institute, patients were followed up at our outpatient department every 3-6 months for the first 2 years after resection, then annually. Recording of medical history, physical examination, and computed tomography of the chest were performed during the follow-up. Endoscopy was obtained in cases of clinically indicated recurrence or metastasis. As this series described the prognosis of patients with ESCC, a cancer-specific survival (CSS) analysis was more appropriate. Therefore, the CSS was ascertained in this study. The median follow-up for the entire cohort was 45 months. The last follow-up was November 30, 2011.

GPS evaluation {#sec2-5}
--------------

For evaluation of the GPS, blood test results from the day before surgery were used. GPS was constructed as previously described.\[[@ref7][@ref9]\] Patients with both an elevated CRP (\>10 mg/L) and hypoalbuminemia (\<35 g/L) were allocated a score of 2 (GPS2). Accordingly, patients with neither of these abnormalities were allocated a score of 0 (GPS0). Remaining patients in whom only one of the biochemical parameters was abnormal were assigned a score of 1 (GPS1).

Statistical analysis {#sec2-6}
--------------------

Statistical analysis was conducted with SPSS 17.0 (SPSS Inc., Chicago, IL, USA). The Pearson Chi-squared test was used to determine the significance of differences for dichotomous variables. The Pearson\'s correlation coefficient was calculated to assess the correlation between CRP and albumin with the logarithmic model. A univariate analysis was used to examine the association between various prognostic predictors and CSS. Possible prognostic factors (*P* \< 0.05) associated with CSS on univariate analysis were considered in a multivariable Cox proportional hazards regression analysis with the enter method. The CSS was calculated by the Kaplan--Meier method, and the difference was assessed by the log-rank test. Hazard ratios (HRs) with 95% confidence intervals (CIs) were used to quantify the strength of the association between predictors and survival. A *P* value less than 0.05 was considered to be statistically significant.

RESULTS {#sec1-2}
=======

Patient characteristics {#sec2-7}
-----------------------

Four hundred and ninety-three patients with ESCC were included in this study. Among the 493 patients, 73 (14.8%) were women and 420 (85.2%) were men. The mean age was 59.1 ± 7.9 years, with an age range from 34 to 80 years. Three hundred and sixteen (64.1%) patients were allocated a GPS of 0, 121 (24.5%) patients were allocated a GPS of 1, and 56 (11.4%) patients were allocated a GPS of 2, respectively.

Correlation of GPS with clinicopathological characteristics {#sec2-8}
-----------------------------------------------------------

The relationships between the GPS and clinicopathological characteristics of the 493 patients who underwent surgery for ESCC are shown in [Table 1](#T1){ref-type="table"}. Our study showed that GPS was associated with tumor size, depth of invasion, and nodal metastasis (*P* \< 0.001). In addition, there was a negative correlation between the CRP and albumin (*r* = −0.412, *P* \< 0.001) \[[Figure 1](#F1){ref-type="fig"}\].
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![Correlation between C-reactive protein and albumin (*r* = −0.412, *P* \< 0.001)](SJG-20-48-g002){#F1}

One-year CSS and prognostic factors {#sec2-9}
-----------------------------------

The 1-year CSS in patients with GPS0, GPS1, and GPS2 were 92.7%, 71.1%, and 53.6%, respectively (*P* \< 0.001). By univariate analysis, we found five clinicopathological variables had significant associations with the 1-year CSS \[[Table 2](#T2){ref-type="table"}\]. Then all of the five variables above were included in a multivariate Cox proportional hazards model (enter procedure) to adjust the effects of covariates. In that model, we demonstrated that differentiation (*P* = 0.045) and GPS (*P* \< 0.001) were independent prognostic factors \[[Table 3](#T3){ref-type="table"}\].
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Five-year CSS and prognostic factors {#sec2-10}
------------------------------------

The 5-year CSS in patients with GPS0, GPS1, and GPS2 were 60.8%, 34.7%, and 10.7%, respectively (*P* \< 0.001) \[[Figure 2](#F2){ref-type="fig"}\]. Univariate analyses showed that tumor length, vessel involvement, perineural invasion, differentiation, depth of invasion, nodal metastasis, and GPS were predictive of CSS \[[Table 4](#T4){ref-type="table"}\]. Multivariate analysis demonstrated that differentiation (*P* = 0.022), depth of invasion (*P* = 0.006), nodal metastasis (*P* \< 0.001), and GPS (*P* \< 0.001) were independent prognostic factors \[[Table 5](#T5){ref-type="table"}\].

![Kaplan--Meier survival curves stratified by Glasgow prognostic score (GPS). The 5-year cancer-specific survival in patients with GPS0, GPS1, and GPS2 were 60.8%, 34.7%, and 10.7%, respectively (*P* \< 0.001)](SJG-20-48-g005){#F2}
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DISCUSSION {#sec1-3}
==========

There is a strong linkage between inflammation and cancer. A systemic chemotherapy or radiation will inevitably have an impact on the systemic inflammation. Thus, evaluation of GPS in neoadjuvant or adjuvant chemoradiotherapy does not reflect the baseline impact of systemic inflammation on clinical outcome in EC patients. Thus, in our study, we evaluate the potential prognostic role of GPS in patients undergoing esophagectomy for ESCC without neoadjuvant or adjuvant treatment. Our study demonstrated that GPS is associated with prognosis and can be considered as an independent prognostic marker in patients who underwent esophagectomy for ESCC.

It is well known that cancer promotes release of proinflammatory cytokines from tumor cells. The cytokines interact with immunovascular system and facilitate tumor growth, invasion, and metastasis.\[[@ref17][@ref18]\] Recent studies have shown that elevated serum CRP levels may be associated with tumor size, depth of invasion, and nodal metastasis, resulting in poor prognosis in patients with various cancers, including EC.\[[@ref19][@ref20][@ref21]\] It has been also reported that serum albumin participates in systemic inflammatory response and that decline of its serum level is a poor prognostic factor for long-term survival in patients with various cancers.\[[@ref22][@ref23]\] Based on these reports, GPS, incorporating CRP and serum albumin levels, may reflect both the presence of the systemic inflammatory response and the progressive nutritional decline in patients with cancers.\[[@ref24]\]

Our study showed that GPS was associated with tumor size, depth of invasion, and nodal metastasis. This observation is in line with data from Vashist *et al*.,\[[@ref15]\] but is contrary to the result of Kobayashi *et al*.,\[[@ref14]\] who suggested that GPS has no significant correlation with the above clinicopathological factors. However, the results of our study were consistent with the prognostic value of the GPS previously reported.\[[@ref14][@ref15]\] Crumley *et al*.\[[@ref25]\] revealed that the GPS predicts CSS in patients with inoperable gastroesophageal cancers. Kobayashi *et al*.\[[@ref14]\] also reported that GPS determined before treatment is an independent predictor of survival of patients undergoing neoadjuvant chemoradiotherapy followed by surgery, although their study was limited to 48 cases only. From the database of 493 consecutive patients with ESCC who underwent surgery, our results clearly demonstrated that GPS can serve as an independent predictor of long-term survival for patients with ESCC.

There were several potential limitations in our study. The prognostic analysis was retrospective, the mean follow-up duration was short, and the study was conducted by a single institution. Furthermore, we excluded patients who had adjuvant chemotherapy and/or radiotherapy, which may have influenced our analysis. Thus, larger prospective studies will need to be performed to confirm these preliminary results.

In conclusion, our study demonstrated that high levels of GPS is associated with tumor progression. GPS can be considered as an independent prognostic factor of in patients who underwent esophagectomy for ESCC. However, the prognostic value of the GPS remains to be formally tested within the context of such randomized trials.
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